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IMMUNOGLOBULIN BINDING SITE 



Technic^ field 

The present invention relates to the field of biochemistry, and more specifically 
to the identification of a novel binding site, which is strictly conserved among 
human IgGs of tc-type. The present invention also encompasses use of the 

,f novel binding site for identification and/or design of chemical entities capable 

v > of specific binding to such antibodies. 

Background 

The field of biochemistry began about a hundred years ago with a realisation 
that life processes involved phenomena that could be explained by the exact 
sciences of chemistry and physics. The early discoveries were mostly of gen- 
eral nature, but with time* the discipline of biochemistry matured and eventu- 
ally became a well-accepted field as such. During the past decades, the growth 
within the field of biochemistry has been extensive and expansive, and numer- 
ous areas thereof are these days recognised, such as bioenergetics, molecular 
biology, membrane biochemistry, protein biochemistry, analytical biochemistry 
and many others. 

. . - . A number of these areas utilise a steadily increasing number of biotechnology 

: cal applications that involve antibodies, also known as immunoglobulins. As is 

well known, there are five different types of antibodies, namely immunoglobu- 
lin G (IgG), which is the most prevalent; immunoglobulin A (IgA); immuno- 
globulin M (IgM); immunoglobulin D (IgD); and immunoglobulin E (IgE), As 
is also well-known, antibodies can be prepared in two different forms, either as 
polyclonal antibodies, including various forms of antibodies, or as monoclonal 
antibodies, which is a form of pure antibodies produced by hybridomas. For 
many applications, the monoclonal antibodies are preferred. Examples of bio- 
technological applications of monoclonal antibodies are various immuno- 
chemical techniques, such as immunoafiSnity extraction and chromatography, 
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immunochemical detectors, immunoblotting, receptor assays, enzyme inhibi- 
tion assays, displacement assays and flow-injection inununoassays. For most 
medical applications, such as diagnosis, prevention and cure of disease, mono- 
clonal antibodies are also most preferred, for example as biopharmaceuticals. 
At present, about thirty percent of the biotechnology-derived drugs under de- 
velopment are based on monoclonal antibodies of type G. 

The Y-shaped disposition of the structure of the IgG molecule is well known 
from standard biochemistry textbooks. It is also well known that regarding its 
tertiary structure, one intact IgG molecule consists of six globular regions, each 
of which is formed by two domains. All domains in an IgG molecule have in 
turn similar structures, a characteristic fold, which has become known as the 
immunoblobulin fold. The secondary structure of this fold consists mainly of 
two beta sheets packed against each other. On the other hand, regarding its 
primary structure, IgGs consists of two light chains and two heavy chains, 
which are covalently, linked by four disulphide bridges strategically placed 
around die central juncture of the intact molecule also called the hinge region. 
The two globular parts, which correspond to the **base of die Y*\ form the Fc 
fragment and are formed by domains consisting of only heavy chain residues. 
Contrary to this, each of the "arms of the Y" constitute a Fab fragment with 
: i : two globular parts each. Each of the globular parts in a Fab fragment is formed 

: when one domain from the light chain contacts one domain from the heavy 

: chain. It is well known that the globular part located further away from the 

I centre of me antibody contains the so-called hypervariable regions and the an- 

tigen-binding site. The domains forming mis part are known as Vl for the light 
chain domain and V H for the heavy chain domain. On the other hand the 
globular part of the Fab fragment closer to the hinge region is formed by the 
so-called first constant domain of the heavy chain (CH 1) and the constant do- 
main of the light chain (CL). Correspondingly, the two globular parts forming 
the Fc fragment are formed one by two second constant domains (CH2) and the 
other by two third constant domains of the heavy chain (CH3). 
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By sequence homology, heavy chains of IgGs can be classified into four types 
1,2,3 and 4 whereas light chains fall into two types called X and k. It is also 
well known that in humans about 40% of the IgG molecules cany a light chain 
of X type whereas about 60% cany a light chain of k type. IgGs which are built 
up of both light and heavy chains inherit bom types of partiuonings. Accord- 
ingly, one partitioning divides IgGs into four subclasses IgGl, IgG2, IgG3 and 
IgG4 as compared to the second partitioning which divides IgGs into two sub- 
types X and k. The same type of classification can be applied to antibody frag- 
ments like Fab fragments and so called F(ab'>2 fragments, which consist of two 
Fab fragments connected by a disulphide. 



IgGs can be generated according to standard techniques in large quantities in 
cellular expression systems. The most widely used production method today 
includes purification via affinity chromatography based on the use of highly 
specific domains of proteins as affinity ligands. Illustrative examples of such 
IgG-binding protein ligands are protein A and protein G, which are cell wall 
proteins of the bacteria Staphylococcus aureus and group G Streptococcus, re- 
spectively. They bom bind with different affinities to Fab and Fc fragments of 
various IgG types. 

More specifically, protein A binds to IgG molecules from various mammals, 
with the highest affinity to the human subclasses of IgGl, IgG2 and IgG4. It 
binds primarily to a surface formed at the juncture of both the second and the 
third constant domains (CH2 and CH3) of IgG located on the Fc fragment, and 
can consequently not be used in affinity purification of other fragments of IgG 
such as Fab and so called F(ab02 fragments. Protein A binds to some Fab 
fragments however this binding is not generic since it targets the variable re- 
gion. This lack of generality is a drawback under some circumstances, since the 
use of Fab and F^b^ fragments has increased lately due to their considerably 
smaller size, as compared to intact IgG molecules, while still containing the 
functional antigen-binding region. For instance, the smaller size is an advan- 
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tage in the penetration of tumours with limited vascular supply in order to de- 
liver cytotoxic payioads such as radionuclides, toxins, and chemotherapeutic 
agents to target cancer cells. On die other hand, protein G binds also to both Fc 
and Fab. Protein G binds partly to die same Fc fragment surface as protein A, 
but their ways of binding have been shown to be completely different Protein 
G binds also to a highly conserved region of die constant part of the Fab frag- 
ment, primarily to residues from the heavy chain, and consequently it has po- 
tential to be used as a generic Fab binder. However, it has been reported that 
protein G has a reduced binding to Fab fragments of type IgG2. In addition to 
the above, protein ligands of this kind are often relatively expensive to produce, 
they are amenable to proteolytic degradation and they are also usually sensitive 
to both high and low pH values. 

Accordingly, the development of novel and alternative ligands to IgG, which 
do not necessarily need to be proteins or even protein-based, is motivated. Such 
development would gain from a more thorough understanding of the binding 
properties of the IgG molecule. Even though methods for identification of 
novel ligands can be based on an experimental identification on a random ba- 
sis, such as in screening, they still require use of a selected binding site or at 
least area on the target molecule. Moreover an alternative and in many cases 
complementary approach known from drug-discovery contexts as rational de- 
: sign requires knowledge of the three-dimensional structure of a limited region 

> l- : which can serve as a binding site. 

, m / l In the random or screening approach, various methods have been suggested in 

the art for identification of chemical entities that bind specifically to an anti- 
body or any target molecule in general. For example, phage display has been 
/*: used to identify peptides with affinity to the Fc fragment of IgG. However, 

k '~* phage display can only produce peptidic ligands, which suffer from the above- 

discussed drawbacks related to degradation. Also, there is no guarantee as to 
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the generality of the binding since there is commonly no knowledge as to 
where on the target molecule used in screening the ligand actually binds. 

Recently, computational tools have found a relatively widespread use in the 
field of understanding the binding properties of target molecules based on their 
known 3D structures. This is not in itself a new field. The pioneering work of 
B. Lee and F. M Richards in the 1970s has inspired many investigators. How- 
ever, as structural data and faster computers become available it is also less 
complicated to reveal the complex architecture of protein surfaces. For exam- 
pie, surfaces on proteins capable of interacting with binding molecules may in- 
clude pockets, tunnels, channels, clefts and depressions. All mis concepts may 
be covered by the more general term cavity the shape and accessibility of 
which, determines which concept is more appropriate. Accordingly, a depres- 
sion is more accessible and flatter in shape than a cleft, which in turn is more 
accessible and flatter than a channel. Pockets and tunnels may be considered 
types of channels and as compared to a pocket a tunnel is more accessible since 
it has at least two entrances or connections to the outside of die protein. An ad- 
ditional type of cavity is the void. However a void is completely surrounded by 
protein atoms and therefore not accessible and therefore not appropriate for li- 
gand binding. 

Virtual methods have for example been suggested for identifying molecules 
capable of binding to proteins, and usually involve the identification of a cleft 
in me three dimensional structure of the target. However, if stronger binding is 
desired, a more advantageous conformation of the binding site can e.g. be a 
more pocket-like conformation, which spatially encloses the binding molecule 
to a larger extent than a cleft thereon allowing a maximisation of the number of 
possible interactions at the atomic level like hydrogen bonds, van der Waals, 
and electrostatic interactions, and therefore of the binding strength. This is es- 
pecially the case if the ligand is a small organic molecule, which can have the 
advantage of being generally more stable than larger entities like peptides and 
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proteins. As compared to pockets and clefts, the depression is the less advanta- 
geous for binding a small molecule because it offers Ihe smallest possibilities to 
complement the surface of the small molecule. 



Thus, WO 01/37194 (Vertex Pharmaceuticals) discloses molecules and mo- 
lecular complexes mat comprise the active site binding pocket of the enzyme 
caspase-7. Methods are also disclosed, wherein the structural coordinates of 
caspase-7 are used to screen and design chemical entities that bind caspase-7 or 
homologues thereof. However finding a conserved binding pocket on the sur- 
face of an antibody is a more challenging task as compared to enzymes, which 
generally contain a substrate pocket related to their function. Antibodies like 
any other proteins that are not enzymes may or may not contain pockets or any 
other type of cavities. This is especially true for the constant domains of anti- 
bodies, which as compared to variable domains do not include the antigen- 
binding region that is often associated with a pocket 

Accordingly, despite the attempts that have been made so far, there is still a 
need in mis field of alternative fast, easy and preferably easily applicable 
methods mat are useful for the identification of novel IgO-binding molecules. 
As discussed above, since a useful starting point in the design of such novel 
methods is to select an advantageous binding site on the target molecule, mere 
is also a need in this field of identifying novel binding sites within the IgG 
molecule. Moreover, if due to stability problems or other problems, it is re- 
quired that the novel binding molecule is small, as compared to peptides and 
proteins that can be considered large in this context, men the novel binding site 
should be an accessible cavity. More specifically, in the order of decreasing 
preference the cavity should be a pocket, a tunnel or a cleft 

Summary of the p re sent invention 

Thus, the object of the present invention is to fulfil one or more of the above- 
discussed needs. More specifically, one object of the present invention is to 
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provide a tool useful e.g. for identification of novel IgG binding chemical enti- 
ties and for other purposes. This can be achieved by the compound or binding 
pocket as defined in the appended claims. 

A specific object of the invention is to provide a binding site in the constant 
region of the Fab part of an antibody, which binding site e.g. is suitable for use 
in tiie design of an antibody-selective medium. An even more specific object of 
the invention is to identify such a binding site in a region of die constant part of 
Fab, wherein the variability is as small as possible. Thus, yet another object is 
to provide a compound that can also be used for purification of any of the fol- 
lowing: Fab fragments, F(ab')2 fragments and intact IgGs of K-type, or compo- 
sitions that comprise one or more of the ones mentioned. 

A further object of the present invention is to provide a method for identifica- 
tion of IgG ligands. This can be achieved by use of the compound or binding 
pocket according to the invention as defined in die appended claims. A specific 
object of the invention is to provide a method for virtual screening of small 
molecule ligands that are capable of binding to IgG. 

Yet another object of the invention is to provide further uses of the compound 
or binding pocket according to the invention. 

Further objects and advantages of the present invention will appear from the 
detailed description of the invention and the experimental part that follows. 

Definitions 

The term "binding pocket", as used herein, refers to a region of a molecule or 
molecular complex, that, as a result of its shape, favourably associates with an- 
other chemical entity. 

The term "composite binding pocket" as used herein means a three- 
dimensional structure that is formed as a pocket between a light chain and a 
heavy chain of an antibody. 
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The term 'interacting surface*' means herein a surface comprised of residues 
capable of interacting with a binding molecule or other entity, e.g. by ionic at- 
traction, hydrogen bonds, Van der Waals interaction etc. 
The term "strictly conserved" is used herein to mean mat after a sequence 
alignment of all sequences available from an internationally recognised se- 
quence database (for instance the non-redundant database provided by the Na- 
tional Center for Biotechnology Information), the residue type is exactly the 
same at a specific position for all aligned sequences. 
The terms "antibody of k type", "Fab fragment of k type" and "F(ab')2 frag- 
ment of k type" mean herein an antibody, a Fab fragment and an F(ab'>2 frag- 
ment respectively, wherein the light chain is of k type. 
The term "functional derivative" is used to mean a chemical substance that is 
related structurally and functionally to another substance. Thus, a functional 
derivative comprises a modified structure from the other substance, and main- 
tains the function of the other substance, which in this instance means that it 
maintains the ability to interact with the same ligands. Thus, a "functional de- 
rivative" can be either a natural variation or fragment thereof, or a recombi- 
nantry produced entity. In addition, a "functional derivative" can also comprise 
added molecules or parts, as long as the described function is essentially re- 
tained. 

The term "human K-Fab constant part- comprising composition" means herein 
any composition comprising die globular region of an IgG molecule formed by 
the first constant domain of the heavy chain (CHI) and the constant domain of 
the light chain (CL). Thus the term includes any of the following terms which 
are well known from standard IgG terminology: Intact IgG molecules, F(ab')2 
fragments, Fab' fragments, Fab fragments and by definition the globular region 
named itself, all of which have human sequences and light chains of x-type. 
This definition includes also any modifications of named IgG or named anti- 
body fragments including even chimeric molecules formed in one part of one 
of said compositions and in another part of any of the following proteins, pep- 
tides, carbohydrates, lipids or any other organic or inorganic entity and chi- 
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meric combinations thereof and also any of the above-mentioned covalentiy 
attached to solid phase. 

The term "structure coordinates" refers to Cartesian coordinates derived from 
for example mathematical equations related to the patterns obtained on diffrac- 
tion of a monochromatic beam of X-rays by the atoms (scattering centres) of a 
protein or protein-ligand complex in crystal form The diffraction data are used 
to calculate an electron density map of the repeating unit of the crystal. The 
electron density maps are then used to establish the positions of me individual 
atoms of the protein or protein complex. 

The term "root mean square deviation" means the square root of toe arithmetic 
mean of the squares of toe deviations from the mean. It is a way to express toe 
deviation or variation from a trend or object 

The term "docking" means herein a fitting operation, wherein the ability of a 
chemical entity to bind or "dock" to a binding site is evaluated. 
The term "associating with" refers to a condition of proximity between a 
chemical entity, or portions thereof; and a target i.e. a binding pocket or bind- 
ing site on a protein. The association may be non-covalent, wherein the juxta- 
position is energetically favoured by hydrogen bonding or van der Waals or 
electrostatic interactions, or alternatively it may be covalent 
The term "library" means a collection of molecules or other chemical entities 
with different chemical structures and/or properties. 

The term "query" means herein the definition of the criteria or properties of de- 
sired chemical entities that must be fulfilled for said entity to qualify as a hit in 
docking or screening. Accordingly, a "hit" means a chemical entity that fulfils 
toe criteria of a query. 

The term "chemical entity" is used herein for any molecule, chemical com- 
pound or complex of at least two chemical compounds and fragments of such 
compounds or complexes. 

The term "ligand" means herein a chemical entity capable of specific binding 
to a target 
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To "experimentally contact a chemical entity with a target, or to "experimen- 
tally" provide a chemical entity, ligand or the like, means herein mat it is pro- 
vided physically, as opposed to virtually. 

Brief description of the drawings 

Figure 1 shows the structure coordinates of a human IgO of K-type in the order. 
More specifically, Figure 1(a) shows the light chain of a human IgG of K-type, 
while Figure 1(b) shows the structure coordinates of the heavy chain of a hu- 
man IgG. 

Figure 2 (a) and (b) show the alignment of human IgG Fab constant part light 
and heavy chain sequences of K-type used in die identification of the binding 
pocket according to the invention. 

Figure 3 shows an example of a query useful in 3D-verify mode in a docking 
step as used in example 2 below, wherein the residues belonging to the com- 
pound or binding pocket are shown in ball and stick. 

Detailed description of the invention 

The present invention provides a model for the three-dimensional structure of a 
novel binding pocket based on the structure coordinates of a human IgG of k- 
type, as shown in Fig 1. 

Thus, a first aspect of the present invention is an isolated compound, said com- 
pound having the structure of a human IgG binding pocket and comprising a 
first interacting surface, which is defined by the structure coordinates shown in 
Fig 1 for an IgG k light chain for the amino acids Q124, S127, G128, T129, 
S131, V133, G157, N158, S159, Q160, E161, S162, S176, S177, T178, T180, 
and L18 1, and a second interacting surface, which is defined by die structure 
coordinates shown in Fig 1 for an IgG heavy chain for the amino acids P128, 
S129, 1,133, LI50, K152, F175, P176, V178, L179, Q180, L184, L187 and 
S188, or a functional derivative of said compound. The above-de fined amin o 
acids are strictly conserved among human IgGs of K-type. In the preferred em- 
bodiment, the present compound is limited to the part of an antibody that is re- 
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sponsible for the shape of the actual binding pocket and does not include the 
rest of a human IgG of k type. 

In one embodiment, the present invention is a binding pocket having the struc- 
ture of a human IgG binding pocket and comprising a first interacting surface, 
which is defined by the structure coordinates shown in Fig 1 for an IgG k light 
chain for the amino acids Q124, S127, GI28, T129, S131, V133, G157, N158, 
S159, Q160, E161, S162, S176, S177, T178, T180, andL181, and a second 
interacting surface, which is defined by the structure coordinates shown in Fig 
1 for an IgG heavy chain for the amino acids P128, S129, L133, L150, K152, 
F175, P176, V178, L179, Q180, L184, L187 and S188, or a functional deriva- 
tive of said binding pocket As mentioned above, the above-defined amino ac- 
ids are strictly conserved among human IgGs of K-type. In the preferred em- 
bodiment, the present binding pocket is an isolated binding pocket. 

A specific embodiment of the present invention is a compound or binding 
pocket as defined above, wherein the second interacting surface is further de- 
fined by the structure coordinates shown in Fig 1 for an IgG heavy chain for 
the amino acids K126, F131, D1S3, S181, S182, and S186. Said amino acids 
are highly conserved between human IgGs of K-type. In a specific embodiment, 
. . the highly conserved are conserved to at least about 85 %, in a more preferred 

• • * 

: embodiment they are conserved to at least about 90 % and in the most preferred 

- :*: embodiment, they are conserved to at least about 95 %. 

• a 
a « a 
• * * 

V* : one embodiment of the present compound or binding pocket, the functional 

: \ : derivative thereof has a root mean square deviation from the backbone atoms of 

• - - 

the binding pocket amino acids of not more than 2.0A . In a preferred embodi- 

* • a 

' meat, said deviation is not more than about 1.5A and in the most preferred em- 

bodiment, said deviation is not more than 1.0 A The crystal structure presented 
herein, which was also used in the identification of the compound or binding 
pocket according to the invention, can also be found using the Protein Data 



02 10/31 14: 59 FAX +, 



•ft 6121830 AMERSH/if BIOSCIENC^fe* - PRV STH 

+dA 1ft fi1?1ft^R 



aois 

+46 18 6121830 
12 



Bank accession code lvge, Chacko et al., 1996. As the skilled in this field will 
realise, such structure coordinates usually exhibit some degree of variation due 
to e.g. thermal motion and slight differences in crystal packing as well as errors 
due to uncertainty arising from the finite resolution of the diffraction data and 
other errors, and compounds or binding pockets including such variations are 
accordingly encompassed by the present invention. 

The binding pocket discussed above can also be denoted a "composite" binding 
pocket, since it is composed of two moieties originating from two different 
chains of an antibody, and more specifically from the defined, conserved amino 
acids of the constant 1 region of the heavy chain (CHI) of human IgG and the 
defined, conserved amino acids of the constant region of the k type light chain 
of human IgG. Thus, in the native form of the antibody, the present binding 
pocket is formed between said two locations. In this context, it is to be under- 
stood mat the term IgG includes herein all the human IgG sub-classes IgGl, 
IgG2, IgG3 and IgG4. Thus, the present invention discloses for the first time 
the above-defined binding pocket as isolated from its natural environment and 
useful as a general target for all or at least essentially all human K-Fab constant 
part- comprising compositions. 

An additional aspect of the present invention is a compound or a binding 
pocket, which corresponds to the interacting surfaces defined by the structure 
coordinates given herein, which are conserved among one or more of IgA, 
IgM, IgE and/or IgD, and which interacting surfaces define the shape of a 
pocket Accordingly, such a compound or binding pocket is useful for the same 
applications as discussed herein, in order to define other group(s) of hnmuno- 
globulins, or subgroups thereof, like the above-discussed IgG-binding pocket, 
the compound or binding pocket according to mis aspect can be used to iden- 
tify one or more of the other immunoglobulins and/or a composition that com- 
prises the relevant part thereof. 
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The procedure by which the present inventors identified the present binding 
pocket will be described in detail in the experimental part below. In brief, pre- 
viously, in research directed to identification of highly conserved regions of 
antibodies, the general approach has been to align both the constant regions of 
the human light and heavy chains. Contrary, the present inventors focussed on 
alignment of the constant region of human IgG tc light chains only, which quite 
unexpectedly enabled the identification of a strictly conserved region located 
between a light and a heavy chain of a human IgG k antibody. No such high 
conservation has been reported in this exact region before where the conserva- 
tion has been associated to human antibodies of k type or fragments thereof. 
Further, no conserved pocket shaped binding sites have been disclosed before 
in this region. Thus, in "Introduction to Protein Structure" (C. Branden and J. 
Tooze Second edition, 1998, Garland Publishing, Inc NY), it is mentioned mat 
the region between the constant domains of Fab exhibit a high degree of con- 
servation, but it is also disclosed how tightly they are packed against each 
other, as compared to the variable regions. Consequently, this reference in fact 
suggests that there is very little space, and certainly no pocket shaped space, 
between the Fab constant regions. In summary, the present invention was un- 
expected both because of the high degree of conservation of the binding site 
and because of the pocket shape thereof. 

• ■ • 

• - * 

# • m 

: It will be readily apparent to those of skill in the art mat the numbering of 

• : ": amino acids in other disclosures of human IgGs of k type may be different than 

that presented herein. However, corresponding amino acids in such sequences 
are easily identified by visual inspection or by using commercially available 
: .'• homology software. 

I . \ \ The binding pocket according to the invention is preferably prepared by isola- 

tion from a native source, i.e. a human IgG of k type. Such isolation is easily 
performed by the skilled person following standard procedures e.g. from a cell 
line or a plasma sample. More specifically, the entire domain, which constitutes 
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the constant half of the Fab fragment, is isolated. For example, as it is well 
known in the field of preparing Fab fragments for different purposes to obtain 
the whole Fab from the intact IgG one can use papain, and to separate the two 
domains of Fab one could for example use an appropriate protease or proteases. 

In a specific embodiment, the two entities mat originate from the light and 
heavy chain, respectively, can be combined into one entity in any suitable way, 
e.g. by mutation of amino acid residues at specific locations in order to provide 
further disulphide bridges) between the fragments, and it is understood mat 
any such modifications are also encompassed within the scope of the present 
invention 



In one embodiment, the above-described compound or binding pocket has been 
complcxed to an organic molecule, in which complex the binding constant is at 
least It)" 4 , preferably at least 10"* and most preferably at least Iff* M. Thus, il- 
lustrative intervals are e.g. Iff 4 to Iff 8 M, such as Iff 4 to 10"* or Iff* to 10* 8 . 
Methods of identifying chemical entities that are capable of complexing with 
the present compound or binding pocket will be discussed in more detail below 
in relation to the second aspect of the invention. In this context, it is to be un- 
derstood mat tile present use of the term "complex" is not intended to encom- 
pass a native human IgG of K-type. In other words, the term "organic mole- 
cule" should not be interpreted as the remaining parts of such an IgG. As the 
skilled person will realise, the structure coordinates defined above for the 
binding pocket refer to the state before any complexing has occurred. Likewise, 
it is also realised that depending on the nature of the organic molecule, said 
structure coordinates might be slightly different in the actual complex. Some- 
times an induced fit may occur. 

m a specific embodiment, the complex is comprised of the above-described 
compound or binding pocket and a detectable label coupled thereto. In one em- 
bodiment, the label is not coupled to the interacting surfaces of the binding 
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pocket, but so as to leave them free for subsequent interaction. More specifi- 
cally, the compound or binding pocket can be labelled with any suitable detect- 
able label as conventionally used in immunoassays, such as a fluorescent label, 
a luminescent label, a chemiluminiscent label, an enzyme label, a radioactive 
label, an absorbance label etc. Such labelled compounds or binding pockets are 
useful e.g. in various assays for detection of human tc-Fab constant part- com- 
prising composition thereof, as will be discussed in more detail below. The la- 
belling of organic compounds or binding pockets with detectable labels is eas- 
ily performed by the skilled person on mis field using well known methods and 
reagents. 

A second aspect of the present invention is a method of identification of a b- 
gand for selective binding of a human tc-Fab constant part-comprising compo- 
sition, wherein a compound or binding pocket as defined above is used. Ac- 
cordingly, the novel compound or binding pocket according to the invention 
will provide a valuable target in research aimed at ligand design and/or identi- 
fication. In one embodiment, the human K-Fab constant part-comprising com- 
position is a human IgG or a fragment thereof. 

Thus, one embodiment of the present method is a method for evaluating the 
potential or ability of a chemical entity to associate with a human K-Fab con- 
stant part-comprising composition, which method comprises to provide a li- 
brary of chemical entities and screening of said library for ability to associate 
to a compound or binding pocket according to the invention. In an advanta- 
geous embodiment, the method also includes a further step of testing a selec- 
tion of the chemical entities that associate to the compound or binding pocket 
by contacting mem with a human K-Fab constant part-comprising composition 
and grading said entities according to affinity. The library preferably comprises 
a large number of chemical entities and is screened for chemical entities, i.e. 
ligands, that bind to the compound or binding pocket The library used may be 
comprised of random chemical entities or, in an alternative embodiment, the 
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library is a combinatorial library. The chemical entities may be naturally occur- 
ring or synthetic proteins, peptides, lipids, carbohydrates and any chimeric 
combinations thereon or any other organic or inorganic entities. In the most ad- 
vantageous embodiment, the chemical entities of the library are relatively small 
organic molecules. In mis context, "small" refers to molecules of a molecular 
weight below e.g. 1000 Da, preferably below about 500 Da 

In another embodiment, the present method is a structure-based or rational de- 
sign of ligands capable of binding to the present compound or binding pocket 
The method utilises the structure coordinates, or structure coordinates defining 
a selected region, as templates for the synthesis of ligands with strong and spe- 
cific binding properties. Structure-based design is a well-known technology 
and the skilled person can readily perform this embodiment 

Thus, the present invention can also be a virtual method, in all or in parts. Ac- 
cordingly, in one embodiment, the invention is a method for evaluating the po- 
tential or ability of a chemical entity to associate with a human K-Fab constant 
part-comprising composition, which method comprises a first step wherein 
computational means are employed to perform a fitting operation between the 
chemical entity and a compound or binding pocket according to the invention 
and a second step wherein the results of said fitting operation are analysed to 
quantify the association between the chemical entity and the compound or 
binding pocket 




In a more specific embodiment, the method is a method of identifying a poten- 
tial ligand to a human K-Fab constant part-comprising composition, which 
method comprises 

(a) generating a three-dimensional structure of a compound or binding pocket 
as defined above; 

(b) employing said three-dimensional structure to design a candidate ligand; 

(c) providing said candidate ligand; 
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(d) contacting the candidate ligand with a human K-Fab constant part- 
comprising composition comprising said compound or binding pocket to 
verify any binding; and, optionally, 

(e) repeating steps (b)-(d). 

In one embodiment, the human K-Fab constant part-comprising composition is 
a human IgG or a fragment thereof. 

In one embodiment, step (c) involves to provide a virtual structure of the de- 
signed ligand, which is virtually contacted in step (d) with a virtual structure of 
the binding pocket. In an alternative embodiment, step (c) involves to provide 
the candidate ligand experimentally, in which embodiment the contact of step 
(d) is also performed experimentally. 

There are many commercial tools available for virtual methods of this kind. 
Examples of commercially available specialised computer programs that are 
useful in the process of selecting fragments or chemical entities are e.g. GRID 
(available from Oxford University, Oxford, UK); MCSS (available from Accel- 
rys formerly MSI, San Diego); AUTODOCK (available from Scripps Research 
Institute, La Jolla); UNITY and FLEXX (available from Tripos Associates, St. 
Louis, Mo.) and DOCK (available from University of California, San Fran- 
cisco). 

Examples of software useful in connecting chemical entities or fragments in- 
clude CAVEAT (available from University of California, Berkley), HOOK 
(available from Accelrys formerly MSI San Diego); and 3D Database systems 
such as ISIS (MDL Information Systems, San Leandro). 



Finally, programs for de novo ligand design methods include e.g. LUDI (avail- 
able from Accelrys formerly MSI San Diego); LeapFrog (available from Tripos 
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Associates, St Louis, Mo.) and SPROUT (available from the University of 
Leeds, UK). 

Once a chemical entity has been designed or selected, the efficiency with 
which it binds to the binding pocket may be tested and optimised by computa- 
tional evaluation. For example, a relatively small difference in energy between 
its free and bound states, i.e. small deformation energy of binding, is desired. 
Alternatively, li gauds are prepared and tested in standard experiments in the 
lab. 



In a specific embodiment, the method is a method for evaluating the potential 
or ability of a chemical entity- to associate with a human K-Fab constant part- 
comprising composition, which method comprises the steps of 

(a) providing a virtual library of chemical entities; 

(b) docking the chemical entities to a compound or a binding pocket as defined 
above; 

(c) defining at least one query based on the results of the docking operation; 

(d) screening all entities docked in step (b) while in the docked conformation 
with the query defined in step (c) for evaluating the potential or ability 
thereof to associate to the compound or binding pocket; 

(e) inspection and, optionally, removal of redundancy; and 

(f) providing one or more of the chemical entities that associated with the 
compound or binding pocket and experimentally testing their binding to a 
human K-Fab constant part-comprising composition; and, if more than one 
chemical entity was tested, 

(g) rating the affinities thereof to human K-Fab constant part-comprising com- 
position. In one embodiment, the human K-Fab constant part-comprising 
composition is a human IgG or a fragment thereof. 

For practical reasons, the virtual library used in the docking should comprise a 
hmited number of chemical entities and it is preferable to reduce redundancy 
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among said entities. Accordingly, in one embodiment, the starting material is 
library that comprises an already diverse selection of entities suitable for use in 
the docking. 

In an alternative embodiment, a virtual library is provided in step (a) mat con- 
sists of one conformation of the 3D structure of chemical entities, which are 
either commercially available or are synthesised according to known methods. 
An example of such a library can be prepared by exporting a file containing in- 
formation of the 2D structure of the chemical entities, which are normally pro- 
vided by vendors of chemical entities. The 2D structures can then be used to 
produce one 3D conformation by using standard molecular modelling programs 
mat are commercially available. One example of such a program is CONCORD 
available from Tripos Associates, St. Louis, Mo. Further, step (a) of mis em- 
bodiment comprises a further step of filtering and removal of redundancy 
among the entities of the library provided. The removal may be a filtering mat 
excludes entities in accordance with certain predetermined criteria. Examples 
of useful filtration criteria are molecular weight and the calculated wa- 
ter/octanol partition coefficient In the present method, where the goal of the 
screening is to obtain a putative ligand to a rather small pocket which first will 
be tested in solution for binding to the target protein, a suitable range of mo- 
lecular weight is 200-500 Da while the calculated water/octanol coefficient can 
be set to be lower than 4.0. Depending on the intended use of the ligand, addi- 
tional or other criteria can be set 



Further, step (b) analyses the fit of each one of the chemical entities to the 
compound or binding pocket according to the invention. "Docking" means in 
this context the use of computational tools and available structural data to ob- 
tain new information about binding modes and molecular interactions. Thus, 
docking is the placement of a putative ligand in an appropriate configuration 
for interacting with a binding site. The database used for docking should con- 
tain a large number of diverse chemical entities, and it can be prepared for the 
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purpose or be obtained from commercial sources. Programs for raster however 
more infonnation-requiring forms of docking are also commercially available, 
either for searching with fixed or flexible rotational bonds, such as the UNITY 
3D search algorithm, or the UNITY flexible 3D search algorithm available 
from Tripos Associates, St Louis Mo. In general, docking can be accomplished 
by geometric matching of a ligand and its binding site, or by minimising the 
energy of interaction. As the skilled person in mis field will know, geometric 
matching is faster, and searching with fixed rotational bonds is faster than with 
flexible ones. In the same way, docking may include flexibility of the aide- 
chains or it may keep them fixed. In an advantageous embodiment, the results 
of the docking operation of step (b) are evaluated by visual inspection of the 
extent of contact between the interacting surface of the compound or binding 
pocket and the putative ligand. Additionally, or alternatively, the gaps formed 
between the two are calculated with the help of at least one query defined in 
step (c) and applied in step (d). Thus, step (d) is a query match screening 
wherein (he coordinates of the screened entities are the docked conformation 
coordinates obtained from step (b) which are kept fixed during the screening 
procedure. Then, the positive hits from step (d) can be visually inspected in ste- 
reo-graphics to remove molecules that do not associate with the compound or 
binding pocket and/or to remove molecules that are similar to selected ones in 
order to further discriminate against redundancy in step (e). To still be consid- 
ered as a hit, the chemical entity should be complementary to the compound or 
binding pocket with respect to conformation, hydrogen bonds, charge and/or 
hydrophobicity. Most preferably, all this aspects are satisfied. 

For reasons of simplicity, in the most advantageous embodiment, step (e) is 
preferably a visual inspection. However, the present invention also encom- 
passes alternative embodiments where the inspection is performed for example 
by computational means. 
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In step (f), one or more of the chemical entities that associated with the com- 
pound or binding pocket daring the screening according to step (d) are selected 
as candidates for further testing, which preferably means that they ate provided 
experimentally. Many chemical entities that are present in commercial data- 
bases are also commercially available and hence easily purchased. Alterna- 
tively, the candidates are easily synthesised in accordance with standard meth- 
ods. In one embodiment, die binding experiments are simply to contact the 
candidates) with a human K-Fab constant part-comprising composition in so- 
lution by means of for instance NMR and/or Surface Plasmon Resonance tech- 
niques to evaluate any complexing. As the skilled person in mis field will ap- 
preciate, in order to analyse the exact location where the candidate interacts 
with the compound or binding pocket, more complex methods will be required, 
such as crystal structure determination of complexes or alternative NMR tech- 
niques. Accordingly, a specific embodiment of the present method is a method 
for evaluating the potential or ability of a chemical entity to associate with a 
human IgG, a Fab fragment or a F(ab'>2 fragment of K-type by binding to the 
compound or binding pocket according to the invention. Methods for testing 
binding of a ligand to a binding site are well known in this field and hence eas- 
ily performed by the skilled person in this field in accordance with routine ex- 
periments. 



A third aspect of the invention is the use of a compound or binding pocket ac- 
cording to the invention for identification or design of a chemical entity capa- 
ble of selective binding of a human K-Fab constant part-comprising composi- 
tion. In one embodiment, the human K-Fab constant part-comprising composi- 
tion is a human IgG or a fragment thereof. Some embodiments of mis aspect 
have been described in detail above. Thus, the products resulting from the 
above-described methods, i.e. the selectively binding chemical entities, are use- 
ful e.g. as ligands in chromatography methods. 
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Another aspect is the use of a compound or binding pocket as defined above for 
site-specific modification of a human K-Fab constant part-comprising compo- 
sition In one embodiment, the human K-Fab constant part-comprising compo- 
sition is a human IgG or a fragment thereof. More specifically, a human K-Fab 
constant part-comprising composition can be modified by binding a suitable 
chemical entity selectively to the compound or binding pocket identified by the 
present inventors. In an advantageous embodiment, said modification is a sta- 
bilisation of Fab-folding by binding a ligand to the compound or binding 
pocket 

The compound or binding pocket defined above is also useful in assays 
wherein human K-Fab constant part-comprising composition are detected, in 
which case it is preferably labelled with a suitable detectable label as discussed 
above. Such assays may be in solution or on solid phase. In one embodiment, 
the human K-Fab constant part-comprising composition is a human IgG or a 
fragment thereof. In the preferred embodiment, the present assay is a competi- 
tive assay, wherein the ability of a candidate ligand to displace a known li- 
gand* s binding to a compound or binding pocket as defined above is evaluated. 

In another embodiment, the compound or binding pocket defined above is used 
in an immunological assay for detection of a human K-Fab constant part-com- 
prising composition. 

The compound or binding pocket may be used to bind cytotoxic molecules and 
compositions, such as radionuclides, toxins and chemoterapeutic agents that are 
released when the antibody associates with a cell that threatens the health of the 
host. More specifically, the target for the antibody can be an antigen located in 
for instance a cancer cell. 



In addition, the present compound or binding pocket is also useful in various 
medical applications. Binding pockets, also referred to as binding sites in the 
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present invention, are of significant utility in fields such as drug discovery. The 
association of natural ligands with the binding pocket of an antibody may prove 
to be die basis of biological mechanisms of action. 

The present invention also encompasses a computer for producing a three- 
dimensional representation of a compound or binding pocket according to the 
invention, which computer comprises 

(i) a computer-readable data storage medium comprising a data storage 
material encoded with computer-readable data, wherein said data com- 
prises the structure coordinates as shown in Figure 1 for an IgG k light 
chain for the amino acids Q124, S127, G128, T129, S131, V133, G157, 
N1S8, S159, Q160, E161, S162, S176, S177, T178, T180, and L181 and 
the structure coordinates as shown in Figure 1 for an IgG heavy chain 
forme amino acids P128, S129, L133, L150, K152, F175, P176, V178, 
L179, Q180, L184, L187 and S188; 

(ii) a working memory for storing instructions for processing said computer- 
readable data; 

(iii) a central-processing unit coupled to said working memory and to said 
computer-readable data storage medium for processing said computer- 
machine readable data into said three-dimensional representation; and 

(iv) a display coupled to said central-processing unit for displaying said 
three-dimensional representation. 

In a specific embodiment, the computer-readable data further comprises the 
structure coordinates as shown in Figure 1 for an IgG heavy chain for amino 
acids K126, F13 1, D153, S181, S182, and S186. 

Thus, the computer is producing a three-dimensional graphical structure of a 
compound or binding pocket as defined above. Such a graphical structure is for 
example useful in the methods described above, wherein selectively binding 
entities are designed and/or identified. 
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The computer according to the invention comprises standard components, for 
example as discussed in more detail in US patent no. 6,183,12. 

Another aspect of the invention is a machine-readable datastorage medium 
comprising a data storage material encoded with machine readable data, 
wherein said data is defined by all or a portion of the structure coordinates of a 
compound or binding pocket according to the invention. Such a datastorage 
medium is for example useful in the methods described above. 

Detailed de scription of me drawings 

Figure 1 (a) and (b) show the structure coordinates of the light chain and the 
heavy chain of; respectively, of a human IgG of K-type. The structure coordi- 
nates given are for the amino acids identified as strictly conserved and highly 
conserved by the present inventors, and they are provided with the numbering 
conventionally used for the full sequence. The full amino acid sequence to- 
gether with structure coordinate data for all amino acids can be found at for in- 
stance httpr/Ayww.rcsb org/pdty The following abbreviations are used in Fig. 1: 
"Atom type" refers to the element whose coordinates are measured. The first 
letter in the column defines the element 

"X, Y, 2" crystallographically define the atomic position of me element meas- 
ured. 

"B n is a thermal factor that measures movement of the atom around its atomic 
centre. 

H Occ" is an occupancy factor that refers to the fraction of the molecules in 
which each atom occupies the position specified by the coordinates. A value of 
"1" indicates mat each atom has the same conformation, i.e., the same position, 
in all molecules of the crystal. 



Figure 2 (a) and (b) show the alignment of human IgG Fab constant part fight 
and heavy chain sequences of K-type used in the identification of the binding 
pocket according to the invention. 
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Figure 3 shows an example of a query useful in 3D-ver$» mode in a docking 
step as used in example 2 below, wherein the residues belonging to me com- 
pound or binding pocket are shown in ball and stick. According to this query, 
to be considered a bit, a docked molecule should have five- or six-mem bered 
rings with centra located within each of the spheres. There are several hydro- 
gen bond donors at the entrance of the cavity, for instance atoms from the side 
chains of Thr-180 and Gin- 160 from the light chain and Ser-186 from the 
heavy chain. Possible hits might thus probably contribute with acceptors. In 
addition, the ligand should fit into the yellow surface of the binding site. A 
similar query (Query 2) was also defined by dropping the requirement of ring 
with centre inside the largest sphere located at the entrance of the pocket 



EXPERIMENTAL PART 

The present examples are provided for illustrative purposes only and are not to 
be construed as limiting the present invention as defined by the appended 
claims. All references given below and elsewhere in the present specification 
are hereby incorporated by reference. 

Example 1 Iderrtificatio n of the binding pocket acc nrrfinp *«% rti q invention 
To identify conserved sequence patches in the constant regions of heavy and 
light chain sequences of human Fab-fragments of K-type sequence homology 
searches using BLAST (AltschuL 1990) followed by sequence alignments us- 
ing CLUSTAL W (Thompson, 1994) were performed. A total of 29 heavy 
chain and nine k light chain sequences of human IgG's were identified after the 
BLAST search. (Figure 2). 

The highest-resolution (2.0 A) crystal structure of K-Fab was investigated (ac- 
cession code to the Protein Data Bank lvge, Chacko et aL. 1996). The MOL- 
CAD (program available from Tripos Associates, St Louis, Mo.) multi chan- 
nel surface tool was used to identify possible binding sites in the constant part 
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Two clefts and one pocket were identified. The pocket (Figure 3) is located 
between the constant parts of die light and the heavy chain. Strictly conserved 
or highly conserved residues surround this pocket Because of this conservation 
and since a small molecule might have higher affinity towards an invagination 
than a more open binding site this pocket was chosen as target The residues 
forming the pocket together with some residues located at the entrance and 
contributing significantly to the topology of die putative binding site were 
identified. From the light chain these are Q124, S127, G128, T129, S131, 
V133, G157, N158, S159, Q160, E161, S162, S176, S177, T178, T180, L181 
and they are all strictly conserved for all sequences of K-type aligned. The 
residues from the heavy chain are (bold strictly- and remaining highly con- 
served) K126, P128, S129, F131, L133, L150, K152, D153, F17S, P176, 
V178, L179, Q180, S181, S182, L184, S186, L187 and S188. 

Example 2: Use of the binding poc ket to identify selectively compounds 
In the example below, the term "compound" is sometimes used to denote 
chemical entities tested for their ability to bind selectively to a binding pocket 
according to the invention. However, as appears clearly from the context, such 
"compounds 1 * are not the claimed compounds discussed in the section "De- 
tailed description of the invention" and in die appended claims. 
The program package SYBYL version 6.7 (available from Tripos Associates, 
St Louis, Mo.) running on an OCTANE 2-CPU 195MHz Silicon Graphics 
workstation was used for all modelling. This interface provides die necessary 
information regarding the software and databases below. 

Virtual library 

The program SELECTOR was used for filtering the molecules in MDL™ 
(MDL Information Systems Inc.) Available Chemical directory (ACD) allow- 
ing only for entities with a molecular weight in the range 200-500 Da and a 
calculated water/octanol partition coefficient (ClogP) less than 4.0. The limit 
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500 Da was used since it was assumed that the binding site was not appropriate 
to accommodate larger ligands. Also smaller entities with fewer degrees of 
freedom are more suitable for computational methods. Entities containing tri- 
phosphate or tri-peptide substructures were also rejected. After filtering the 
number of ACT) molecules was reduced to about 1 1 1.000. A distance-based 
algorithm as implemented in the program Diverse Solutions version 4.04 
(Pearlman, et al, 1998; available from Tripos Associates, St Louis, Mo.) was 
used to select one diverse subset with 50.000 molecules for the docking data- 
base. According to Potter and Matter (Potter & Matter, 1998 Potter, T & Mat- 
ter, H. (1998) Random or rational design? Evaluation of diverse compound 
subsets from chemical structure databases. J. Med. Chem. 41:478-488) a data- 
base may be considered to be optimally diverse if the mean Tanimoto to the 
nearest neighbour is 0.85 and the standard deviation is small. The docking da- 
tabase of 50.000 molecules had a mean Tanomoto of 0.81 and a standard de- 
viation of 0. 1 1 The 3D structures were generated with CONCORD version 
4.04 (Pearlman, 2001 available from Tripos Associates, St. Louis, Mo.). Mole- 
cules in the docking database were also ionised to represent their protonation 
state at neutral pH and mhiimised in 500 cycles using the MMFF94 force field 
(Halgren, 1996; available from Tripos Associates, St Louis, Mo.). To increase 
the docking performance (speed) they were divided in smaller sets of 500 each. 

Docking using FlexX 

Docking simulations were performed with FlexX The protein structure used 
was the structure named above and used for the identification of the pocket. 
In the protein structure, the a carbonyl oxygen of H:Gm-180 is located 2.5A 
away from one of the 8 carboxyl oxygens of H:Aspl53. This was assumed to 
be an error due to misinterpretation of the electron density of the carboxyamide 
terminal group of H:Gra-180, and consequently this group was flipped around 
180°. In mis corrected structure, the s nitrogen of H:Gh>180 is at favourable 
hydrogen bonding distance to the carboxyl oxygen of H:Aspl53. Otherwise, 
defaults have been used when creating the rd file and no special custmnisations 



"02 10/31 15:06 FAX -<J^8 6121830 ASffiRSH/AI BIOSCIBNC^^P - PRV STB @031 

+46 18 6121830 

28 

-were made. The residues belonging to the active site file in the rd file are die 
same as those surrounding one binding pocket identified as described in exam- 
ple 1, and some residues located in the surroundings and contributing to the to- 
pology of the putative binding site Prior to docking, all water molecules were 
removed. The best ranked conformation and its FlexX score were saved for 
each molecule. 



Defining queries with UNITY verify 3D search 

A quick analysis of some thousand docked molecules inspired to the definition 
of two queries to extract the molecules, which actually docked inside the 
pocket According to one of them (Query 1, Figure 3), a docked molecule 
should, to be considered as a hit have five- or six-member rings with centra lo- 
cated within each one of two spheres. The smallest sphere (radius 2.0 A) is 
centred inside me pocket and the largest one (radius 3.0 A) is centred at the en- 
trance. In a second query (Query 2), the requirement of me ring at the entrance 
was dropped. All hits from Query 1 should also be bits from Query 2. It might 
be argued that Query 1 is not contributing with new hits, but for bookkeeping 
reasons it might be useful to know which molecules fulfil the more demanding 
Query 1. 

Virtual screening of the docked molecules with UNITY in 3D verify mode 
This step was performed using the two related queries defined in the previous 
section. 



Criteria for hit extraction after visual inspection 

To be considered a hit, the ligand should be complementary to me binding site 
with respect to conformation (shape), hydrogen bonds, charge and hydropho- 
bicity. These criteria are based on statistical analysis of high-resolution protein 
structures which have shown that less man 2% of the polar atoms are buried 
without forming a hydrogen bond (McDonald, 1994 McDonald IK, Thornton 
JM. (1994), J. Mol. Biol, 238, 777-793 ), and the increase in entropy as hydro- 
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phobic surfaces meet and water molecules are released (Tanford, 1980 Tanford 
C, (1980) The Hydrophobic Effect, 2 nd ed. Wilery, New York,). Complemen- 
tary in shape should maximise the number of possible polar and hydrophobic 
interactions. In addition, the ligand should be as rigid as possible and bind in a 
low-energy conformation to reduce the total free energy of binding. 



Virtual screening results 

A total of 4303 1 entities docked to me binding site with a favourable (negative) 
estimated free energy of binding, of these 98 satisfied Query 1 and 151 the less 
demanding Query 2. The difference, 53 entities, satisfied Query 2 but not 
Query 1 . After visual inspection, 58 from the first set and 26 from the last set 
were selected. These 84 were ordered from suppliers, 76 thereof were delivered 
and 46 thereof turned out to be soluble as required. 

Screening using NMR 

All NMR experiments were performed at 298 K on a Broker Avance 500 MHz 
spectrometer. The ID saturation transfer difference method (STD NMR) was 
used as screening assay (Mayer M. and Meyer B. 1999. Characterization of Li- 
gand Binding by Saturation Transfer Difference NMR Spectroscopy. Angew. 
Chem., Jnt Ed. 38: 1784-1788) using several antibody concentrations in order 
to differentiate between compounds with different binding strength (Peng J. 
W., Lepre C. A., Fejzo J., Abdul-Manan N. and Moore J. M. 2001. Nuclear 
Magnetic Resonance-Based Approaches for Lead Generation in Drug Discov- 
ery. Methods in Enzymology. 338: 202-230). The antibody used was a human 
Fab of K-type. hi all cases ligands were tested one-by-one. On-resonance irra- 
diation was set at 0 ppm and off-resonance irradiation was set at -40 ppm. Irra- 
diation time in each scan was 2 s and 16K data points were collected with 1024 
scans in total. Compounds for testing were dissolved in DMSO d6 to a concen- 
tration of 50 mM and 5 pL of the concentrated ligand solution was added to 
495 ixL buffer solution. The samples thus consisted of 0.5 mM ligand, 20 mM 
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phosphate buffer, 100 mM NaCi and 5% DMSOds in D2O at pD 7.5, uncor- 
rected reading on pH-meter. 

Compounds were initially tested for binding with 0.5 uM antibody. Interesting 
ligands were further tested with protein concentrations of 100 or 20 nM. A one- 
dimensional l H-spectrum was acquired first and subsequently a saturation 
transfer difference (STD) spectrum was acquired. Each analysis took 60 min- 
utes on the spectrometer. A positive result was obtained if signals from the li- 
gand were observed in the difference spectrum. The analysis was setup for 
automation so that several samples could be analysed over night (usually 10-15 
samples/night). 



Binding test 

As many as 46 of the virtual screening hits were tested with NMR according to 
the procedure described above. The results from NMR screening together with 
additional compound data are compiled in Table 1 below. In total 24 com- 
pounds gave a positive result in the first round with the highest antibody con- 
centration (500 nM). These 24 compounds were subjected to a second round 
with an antibody concentration of 100 nM. The 4 compounds showing the 
strongest signal in the second round were tested for binding in a third round 
with 20 nM antibody. Three of the compounds in the third round gave a posi- 
tive result and where thus designated as the strongest binders to the antibody 
out of the 46 tested compounds. 
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Table 1. Results from the NMR screening 

Clogp is the calculated water/octanol partition coefficient Concentration code 
as follows: cone. 1 means 500, cone 2 100 and cone 3 20 nM antibody. NMR 
signal code: 0 no, 1 weak and 2 strong signal. 



Compound no. 


ClOQD 


Mw 

nut 


cone 1 


cone 2 

mm 


1 


0.2 


214 

Mm ■ 


n 

w 




2 


2.0 


209 

taWW 


o 
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2.0 


266 


n 




4 


36 


326 


1 


o 

W 


5 


24 


207 


1 


1 
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2 1 


259 


n 
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O 1 


«f 


u 
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2 2 


2RO 

A WW 


dm 
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0 0 




n 
ii 




10 
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U 




11 


2 2 


AO** 


u 




12 


3 4 




. U 




13 


2 0 


301 


A 

u 




14 


2,4 


261 


1 


0 


15 


1.6 


253 


0 




16 


2,7 


214 


2 


1 


17 


2,4 


252 


2 


2 


18 


2,3 


272 


0 




19 


2,1 


222 


0 




20 


2,1 


243 


2 


2 


21 


1,9 


208 


0 




22 


2.8 


218 


0 




23 


3,6 


219 


1 


0 


24 


2.1 


245 


2 


2 


25 


3,8 


278 


1 


0 


26 


3,2 


209 


1 


0 


27 


3.4 


228 


1 


1 


28 


3.8 


268 


2 


0 


29 
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1 


1 


30 


1.8 


242 


0 




31 


2.1 
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1 


0 


32 


0,9 


217 


0 




33 


1.9 


278 


0 
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34 
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2 
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2 
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0 




44 
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45 
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46 


1,2 


256 
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0 
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CLAIMS 

1 . An isolated compound, said compound having the structure of a human IgG 
binding pocket and comprising a first interacting surface, which is defined 
by the structure coordinates shown in Fig 1 for an IgG k light chain for the 
amino acids Q124, S127, G128, T129, S131, V133, G157, N158, S159, 
Q160, E161, S162, S176, S177, T178, T180, andL181, and a second inter- 
acting surface, which is defined by the structure coordinates shown in Fig 1 
for an IgG heavy chain for the amino acids P128, S129, L133, L150, K152, 
F175, P176, V178, L179, Q180, L184, L187 and S188, or a functional de- 
rivative of said compound. 

2. A compound according to claim 1, wherein the second interacting surface is 
further defined by the structure coordinates shown in Fig 1 for an IgG 
heavy chain for the amino acids K126, F131, D153, S181, S182, and S186. 

3. A compound according to claim 1 or 2, wherein the functional derivative of 
the compound has a root mean square deviation from me backbone atoms of 
the binding pocket amino acids of not more man 2. OA. 

4. A binding pocket having the structure of a human IgG binding pocket and 
comprising a first interacting surface, which is defined by the structure co- 
ordinates shown in Fig 1 for an IgG k light chain for the amino acids Q124, 
S127, G128, T129, S131, V133, G157, N1S8, S159, Q160, E161, S162, 
S176, S177, T178, T180, and L181, and a second interacting surface, which 
is defined by the structure coordinates shown in Fig 1 for an IgG heavy 
chain for the amino acids P128, S129, L133, L150, K152, F175, P176, 
V178, L179, Q180, L184, L187 and S188, or a functional derivative of said 
binding pocket 

5. A binding pocket according to claim 4, wherein the second interacting sur- 
face is further defined by the structure coordinates shown in Fig 1 for an 
IgG heavy chain for the amino acids K126, F131, D153, S181, S182, and 
S186. 
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6. A compound according to claim 4 or 5, wherein the functional derivative of 
the binding pocket has a root mean square deviation from the backbone at- 
oms of said amino acids of not more man 2.0A. 

7. A complex comprising a compound according to any one of claims 1-3 or a 
binding pocket according to any one of claims 4-6 coupled to an organic 
molecule, in which complex the binding constant is at least 10" 4 M. 

8. A complex according to claim 7, which is comprised of said compound or 
binding pocket and a detectable label coupled thereto. 

P. A method for evaluating the potential or ability of a chemical entity to asso- 
ciate with a human K-Fab constant part-comprising composition, which 
method comprises to provide a library of chemical entities and screening 
said library for ability to associate to a compound according to any one of 
claims 1 -3 or to a binding pocket according to any one of claims 4-6. 

10. A method according to claim 9, which includes a further step of testing a 
selection of the chemical entities mat associate to said compound or binding 
pocket by contacting them with a human K-Fab constant part-comprising 
composition and grading said entities according to affinity. 

1 1. A method for evaluating the potential or ability of a chemical entity to asso- 
ciate with a human K-Fab constant part-comprising composition, which 
method comprises a first step wherein computational means are employed 
to perform a fitting operation between the chemical entity and a compound 
according to any one of claims 1-3, or a binding pocket according to any 
one of claims 4-6, and a second step wherein the results of said fitting op- 
eration are analysed to quantify the association between the chemical entity 
and the compound or binding pocket. 

12. A method of identifying a potential ligand to a human K-Fab constant part- 
comprising composition, which method comprises 

(a) generating a three-dimensional structure of a compound according to any 
one of claims 1-3 or a binding pocket according to any one of claims 4-6; 

(b) employing said three-dimensional structure to design a candidate ligand; 

(c) providing said candidate ligand; 
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(d) contacting the candidate ligand with a human K-Fab constant part- 
comprising composition comprising said compound or binding pocket to 
verify any binding; and, optionally, 

(e) repeating steps (b)-(d). 

13. A method for evaluating the potential or ability of a chemical entity to as- 
sociate with a human K-Fab constant part-comprising composition, which 
method comprises the steps of 

(a) providing a virtual library of chemical entities; 

(b) doclcing the chemical entities to a compound according to any one of claims 
1-3 or a binding pocket according to any one of claims 4-6; 

(c) defining at least one query based on the results of the docking operation; 

(d) screening all entities docked in step (b) while in the docked conformation 
with the query defined in step (c) for evaluating the potential or ability 
thereof to associate to the compound or binding pocket; 

(e) inspection and, optionally, removal of redundancy; and 

(f) providing one or more of the chemical entities that associated with the 
compound or binding pocket and experimentally testing their binding to a 
human K-Fab constant part-comprising composition; and, if more than one 
chemical entity was tested, 

(g) rating the affinities thereof to human K-Fab constant part-comprising com- 
position. 

14. A method according to claim 13, wherein step (a) further comprises a sub- 
sequent step of filtering and removal of redundancy among the entities of 
the library provided. 

15. A method according to claim 13 or 14, wherein the results of the docking 
operation of step (b) are evaluated by visual inspection of the contact be- 
tween the interacting surface of the compound or binding pocket and the 
molecular surface(s). 

16. Use of a compound according to any one of claims 1-3 or a binding pocket 
according to any one of claims 4-6 for identification or isolation of a ligand 



- « <* 
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capable of selective binding of a human K-Fab constant part-comprising 
composition. 

17. Use of a compound according to any one of claims 1*3 or a binding pocket 
according to any one of claims 4-6 in site-specific modification of a human 
K-Fab constant part-comprising composition, 

18. Use according to claim 17, wherein the modification is a stabilisation of 
Fab-folding by binding a ligand selectively to the compound or binding 
pocket. 

19. Use of a compound according to any one of claims 1-3 or a binding pocket 
according to any one of claims 4*6 in an immunological assay for detection 
of a human K-Fab constant part-comprising composition. 

20. A computer for producing a three-dimensional representation of a com- 
pound according to any one of claims 1-3 or a binding pocket according to 
any one of claims 4-6, which computer comprises 

(i) a computer-readable data storage medium comprising a data storage mate- 
rial encoded with computer-readable data, wherein said data comprises the 
structure coordinates as shown in Fig 1 for an IgG k light chain for the 
amino acids Q124, S127, G128, T129, S131, V133, G157, N158, S159, 
Q160, E161, S162, S176, S177, T178, T180, andL181 and the structure 
coordinates as shown in Fig 1 for an IgG heavy chain for the amino acids 
P128, S129, L133, L150, K152, F175, P176, V178, L179, Q180, L184, 
L187andS188; 

(ii) a working memory for storing instructions for processing said computer- 
readable data; 

(iii) a central-processing unit coupled to said working memory and to said 
computer-readable data storage medium for processing said computer- 
machine readable data into said three-dimensional representation; and 

(iv) a display coupled to said central-processing unit for displaying said 

ion. 
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21 . A computer according to claim 20, wherein the computer-readable data 
further comprises the structure coordinates as shown in Fig 1 for an IgG 
heavy chain for the amino acids K126, F131, D153, S181, S182, and S186. 

22. A machine-readable datastorage medium comprising a data storage material 
encoded with machine-readable data, wherein said data is defined by all or 
a portion of the structure coordinates of a compound according to any one 
of claims 1-3 or a binding pocket according to any one of claims 4-6. 
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ABSTRACT 

The present invention relates to a human IgG binding pocket comprised of a 
first interacting surface, which originates from an IgG k light chain, and a sec- 
ond interacting surface, which originates from an IgG heavy chain, which 
amino acids are strictly conserved between human IgGs of k- type, or a func- 
tional derivative of said binding pocket. The invention can also be defined as 
an isolated compound, which comprises molecules that defines the shape of 
said binding pocket. Further, the invention relates to various methods of using 
die novel binding pocket, such as in screening for identification of chemical 
entities capable of selective binding thereof; and in other experimental and/or 
virtual methods for design and/or identification of chemical entities capable of 
selective binding thereof. 
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176 


OO AOI 

-27 . 081 


ATAM 

A1UM 


133/ 


06 


SER 


L 


176 


ac 7cc 
-26.755 


ATAM 

A 1 UW 


1 3 aft 

13 35 


N 


SER 


L 


177 


ac Cii > 
-26. 543 


AIUM 




CA 


SER 


L 


177 


-26.716 


ATAM 
A 1 UM 


JL34U 


C 


SER 


L 


177 


ao aao 
-28*233 


ATfMl 

ATOM 


1341 


o 


SER 


L 


177 


-28.927 


ATOM 


134z 


CB 


SER 


L 


177 


-26.100 


ATOM 


1 3 AO 


OG 


SER 


L 


177 


-25.923 


ATOM 


1 a a A 
1344 


N 


THR 


L 


178 


-28.783 


ATAM 
AIUM 


1345 


CA 


THR 


L 


178 


OA IAS 

-30.193 


ATAM 
Al 111*1 


1 ? A£ 
13 40 


C 


THR 


L 


178 


oa aaa 
-30.333 


AIUM 


1 OAO 
134r 


O 


THR 


L 


178 


OA At AO 

-29.692 


ATAM 


1340 


CB 


THR 


L 


178 


?i A OAO 

-30.797 


ATOM 


1 3AQ 

13 4y 


OG1 THR 


L 


178 


-30.504 


ATOM 


1350 


CG2 


THR 


L 


178 


-32.288 


ATAM 

AlVJM 


1359 


N 


THR 


L 


180 


-33.064 


ATOM 


1560 


CA 


THR 


L 


160 


_ "3 A AIO 

— 34 .4JUJ 


ATOM 


1361 


C 


THR 


L 


180 


-34.895 


ATOM 


1362 


O 


THR 


L 


180 


-34.162 


ATOM 


1363 


CB 


THR 


L 


180 


-34.439 


ATOM 


1364 


OG1 THR 


L 


180 


-34.262 


ATOM 


1365 


CG2 THR 


L 180 


-3S.746 


ATOM 


1366 


N 


LEU 


L 


181 


-36.102 


ATOM 


1367 


CA 


LEU 


L 


181 


-36.790 


ATOM 


1368 


C 


LEU 


L 


181 


-38.283 


ATOM 


1369 


0 


LEU 


L 


181 


-38.823 


ATOM 


1370 


CB 


LEU 


L 


181 


-36.472 


ATOM 


1371 


CG 


LEU 


L 


181 


-36.887 


ATOM 


1372 


CD1 


. LEU 


L 


181 


-35.940 


ATOM 


1373 


CD2 


LEU 


L 


181 


-36.694 



ght chain 

18.941 76.956 1.00 51.87 N 

22.684 79.2S2 1.00 32.26 N 

24.116 78.812 1.00 30.57 C 

24.228 77.315 1.00 29.51 C 

23.218 76.609 1.00 31.47 0 

24.254 79.465 1.00 31.63 C 

25.232 80.584 1.00 39.52 C 

24.715 81.857 1.00 45.11 C 

24.764 81.949 1.00 43.57 O 

24.287 82.736 1.00 48.88 O 

25.449 76.818 1.00 27.95 H 

25.712 75.415 1.00 24.52 C 

27.003 75.355 1.00 23.12 C 

27.968 76.057 1.00 21.32 O 

25.831 74.776 1.00 24.91 C 

26.008 73.380 1.00 28.23 O 

29.533 78.016 1.00 20.73 N 

29.359 78.650 1.00 20.18 C 

28.050 79.391 1.00 19.90 C 

27.058 78.938 1.00 18.83 O 

29.343 77.602 1.00 22.81 C 

28.427 76.557 1.00 27.50 O 

28.045 80.570 1.00 21.10 N 

26.843 81.325 1.00 22.83 C 

26.701 81.427 1.00 24.50 C 

27.679 81.752 1.00 26.47 O 

27.030 82.675 1.00 20.36 C 

25.738 83.209 1.00 25.00 O 

25.535 81.113 1.00 26.21 N 

25.289 81.284 1.00 25.67 C 

24.182 82.316 1.00 26.52 C 

23.127 82.251 1.00 25.41 0 

24.854 79.993 1.00 24.43 C 

25.890 79.065 1.00 27.73 O 

24.606 80.101 1.00 23.92 c 

21.776 83.928 1.00 33.72 N 

21.334 83.617 1.00 36.96 c 

20.441 84.742 1.00 39.75 C 

19.554 85.220 1.00 40.12 O 

20.578 82.248 1.00 37.34 c 

21.580 81.236 1.00 38.56 O 

19.829 81.975 1.00 36.31 C 

20.772 85.213 1.00 41.45 N 

19.955 86.189 1.00 41.68 c 

19.907 85.844 1.00 41.64 C 

20.667 85.022 1.00 39.32 o 

20.527 87.616 1.00 41.26 C 

21.835 88.321 1.00 44.99 C 

21.997 89.487 1.00 42.76 C 

23.093 87.505 1.00 45.40 C 
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PRV STH 



©044 



Fig lb heavy chain 
x Y 



Atom type 










ATOM 


2595 


N 


LYS 


H 


«l "V ^ 

126 


ATOM 


2S96 


CA 


LYS 


H 


126 


ATOM 


2597 


C 


LYS 


H 


126 


ATOM 


2598 


0 


LYS 


H 


126 


ATOM 


2S99 


CB 


LYS 


H 


126 


ATOM 


2600 

& www 


CG 


LYS 


H 


126 


ATOM 


2601 


CD 


LYS 


H 


126 


ATOM 


2602 


ce 


LYS 


H 


126 


ATOM 


2603 

*» WW J 


NZ 


LYS 


H 


126 


ATOM 


2608 

*» www 


N 


PRO 


H 


128 


ATOM 


2609 

i- WW-7 


CA 


PRO 


H 


128 


ATOM 


2610 


C 


PRO 


H 


128 


ATOM 


2611 


0 


PRO 


H 


128 


ATOM 


2612 


CB 


PRO 


H 


128 


ATOM 


2613 


CG 


PRO 


H 


128 


ATOM 


2614 


CD 


PRO 


H 


128 


ATOM 


2615 


N 


SER 


H 


129 


ATOM 


2616 


CA 


SER 


H 


129 


ATOM 


2617 


C 


SER 


H 


129 


ATOM 


2618 


O 


SER 


H 


129 


ATOM 


2619 


CB 


SER 


H 


129 


ATOM 


2620 


OG 


SER 


H 


129 


ATOM 


2628 


N 


PHE 


H 


131 


ATOM 


2629 


CA 


PHE 


H 


131 


ATOM 


2630 


C 


PHE 


H 


131 


ATOM 


2631 


O 


PHE 


H 


131 


ATOM 


2632 


CB 


PHE 


H 


131 


ATOM 


2633 


CG 


PHE 


H 


131 


ATOM 


2634 


COl 


PHE 


H 


131 


ATOM 


2635 


CD2 


PHE 


H 


131 


ATOM 


2636 


CEl 


PHE 


H 


131 


ATOM 


2637 


CE2 


PHE 


H 


131 


ATOM 


2638 


CZ 


PHE 


H 


131 


ATOM 


2646 


N 


LEU 


H 


133 


ATOM 


2647 


CA 


LEU 


H 


133 


ATOM 


2648 


C • 


LEU 


H 


133 


ATOM 


2649 


O 


LEU 


H 


133 


ATOM 


2650 


CB 


LEU 


H 


133 


ATOM 


2651 


CG. 


LEU 


H 


133 


ATOM 


2652 


CD1 


LEU 


H 


133 


ATOM 


2653 


CD2 


LEU 


H 


133 


ATOM 


2749 


N 


LEU 


H 


150 


ATOM 


2750 


CA 


LEU 


H 


150 


ATOM 


2751 


C 


LEU 


H 


150 


ATOM 


2752 


0 


LEU 


H 


150 


ATOM 


27S3 


CB 


LEU 


H 


150 


ATOM 


2754 


CG 


LEU 


H 


150 


ATOM 


2755 


CD1 


LEU 


H 


ISO 


ATOM 


2756 


CD2 


LEU 


H 


ISO 


ATOM 


2764 


N 


LYS 


H 


152 


ATOM 


2765 


CA 


LYS 


H 


152 


ATOM 


2766 


C 


LYS 


H 


152 


ATOM 


2767 


o 


LYS 


H 


152 


ATOM 


2768 


CB 


LYS 


H 


152 


ATOM 


2769 


CG 


LYS 


H 


152 


ATOM 


2770 


CO 


LYS 


H 


152 


ATOM 


2771 


CE 


LYS 


H 


152 


ATOM 


2772 


NZ 


LYS 


H 


152 


ATOM 


2773 


N 


ASP 


H 


153 


ATOM 


2774 


CA 


ASP 


H 


153 


ATOM 


2775 


C 


ASP 


H 


153 


ATOM 


2776 


o 


ASP 


H 


153 


ATOM 


2777 


CB 


ASP 


H 


153 


ATOM 


2778 


CG 


ASP 


H 


153 


ATOM 


2779 


ODl 


ASP H 


153 



-39.678 

-40.480 

-40.194 

-39.025 

-40.054 

-41.090 

-40.944 

-41.916 

-41.584 

-40.310 

-39.950 

-41.041 

-42.127 

-38.769 

-39.053 

-39.898 

-40.828 

-41.770 

-40.946 

-39.763 

-42.105 

-42.934 

-40.521 

-41.040 

-40.215 

-39.007 

-40.810 

-41.537 

-42.931 

-40.808 

-43.590 

-41.479 

-42.863 

-38.146 

-37.285 

-37.523 

-37.005 

-35.823 

-35.533 

-34.066 

-35.970 

-36.371 

-35.971 

-36.705 

-37.917 

-36.391 

-36.325 

-34.917 

-36.781 

-37.287 

-37.209 

-37.793 

-38.886 

-37.905 

-37.302 

-37.759 

-36.922 

-37.314 

-37.045 

-37.461 

-37.870 

-38.939 

-38.561 

-38.083 

-36.935 



16.046 

16.635 

18.131 

18.554 

16.081 

16.590 

16.341 

17.243 

18.677 

22.204 

22.699 

23.367 

23.691 

23.602 

24.200 

23.122 

23.620 

24.395 

25.623 

25.502 

23.686 

22.546 

28.925 

29.482 

30.723 

30.683 

28.570 

27.23S 

27.183 

26.050 

25.948 

24.815 

24.765 

33.716 

33.930 

35.428 

36.294 

33.622 

32.258 

32.136 

31.213 

30.246 

28.876 

28.058 

28.204 

28.505 

27.052 

26.528 

26.912 

24.376 

23.103 

21.909 

21.985 

23.319 

22.378 

22.579 

21.597 

20.228 

20.807 

19.487 

19.231 

18.761 

19.010 

18.807 

18.446 



64.413 

65.460 

65.371 

65.306 

66.825 

67.794 

69.291 

70.134 

70.172 

66.796 

68.117 

68.948 

68.475 

67.812 

66.457 

65.749 

70.221 

70.995 

71.266 

71.565 

72.286 

72.073 

73.626 

74.848 

75.051 

74.789 

76.022 

75.970 

75.945 

75.966 

75.915 

7S.932 

75.907 

77.032 

78.190 

78.330 

77.609 

77.863 

77.309 

77.012 

78.300 

73.846 

74.075 

73.003 

72.817 

7S.477 

75.868 

75.789 

77.286 

72.183 

72.858 

72.110 

71.563 

74.200 

75.195 

76.622 

77.460 

77.199 

72.047 

71.575 

70.146 

69.803 

72.S23 

73.962 

74.194 



OCC B 



1.00 20.92 
1.00 19.79 
1.00 21.17 
1.00 23.97 
1.00 18.88 
1.00 26.44 
1.00 32.32 
1.00 37.31 
1.00 35.44 
1.00 18.58 
1.00 19.70 
1.00 22.10 
1 
1 
1 
1 
1 
1 



00 25.30 
.00 18.78 
.00 17.91 
00 20.81 
.00 24.82 
_,00 23.50 
1.00 24.48 
1.00 22.58 
1.00 28.31 
1.00 36.78 
1.00 30.04 
1.00 27.87 
1.00 30.92 
1.00 26.23 
1.00 30.11 
1.00 30.98 
1.00 30.57 
1.00 33.12 
1.00 31.13 
1.00 33.57 
1.00 31.34 
1.00 38.18 
1.00 34.16 
1.00 35.44 
1.00 32.35 
1.00 29.24 
1.00 22.14 
1.00 23.67 
1.00 27.77 
1.00 22.90 
1.00 23.38 
1.00 25.45 
1.00 24.96 
1.00 18.99 
1.00 19.75 
1.00 22.45 
1.00 19.55 
1.00 25.67 
1.00 23.11 
1.00 23.19 
1.00 22.11 
1.00 25.76 
1.00 29.14 
1.00 30.74 
1.00 28.69 
1.00 25.73 
1.00 25.81 
1.00 22.60 
1.00 20.15 
1.00 18.56 
1.00 26.65 
1.00 26.68 
1.00 28.52 



N 
C 

c 
o 
c 
c 
c 
c 

N 
N 

c 
c 
o 
c 
c 
c 

N 

c 
c 
o 
c 
o 

N 

c 
c 
o 
c 
c 
c 
c 
c 
c 
c 

N 

c 
c 
o 
c 
c 
c 
c 

N 

c 
c 
o 
c 
c 
c 
c 

N 

c 
c 
o 
c 
c 
c 
c 

M 
N 

c 
c 

0 

c 
c 
o 
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ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 

ATOM 



2780 

2940 

2941 

2942 

2943 

2944 

2945 

2946 

2947 

2948 

2949 

2950 

2951 

2952 

29S3 

2954 

2955 

2956 

2957 

2963 

2964 

2965 

2966 

2967 

2968 

2969 

2970 

2971 

2972 

2973 

2974 

2975 

2976 

2977 

2978 

2979 

2960 

2981 

2982 

2983 

2984 

2985 

2986 

2987 

2988 

2989 

2990 

2991 

2992 

2993 

2994 

2995 

2996 

2997 

2998 

3003 

3004 

3005 

3006 

3007 

3008 

3009 

3010 

3023 

3024 

3025 

3026 

3027 



/SrO 


ASP 


u 
H 


i ca 
15 3 


M 
W 


rnt 


u 
H 


X/ D 


v-A 


PHfc 


H 


1 *7C 
1/3 


i- 


out? 
PHfc 


it 
H 


1/3 




rnt 


H 


1/ 3 


US 


PHE 


H 


1/ 3 




nur 

PHfc 


H 


7 75 
1/3 


vUJL 


PHE 


H 


7 7C 

175 


CD2 


PHE 


H 


7 3C 

175 


CE1 


PHE 


H 


175 


CE2 


PHE 


H 


175 


CZ 


PHE 


H 


175 


H 


PRO 


H 


17© 


CA 


PRO 


H 


I/O 


C 


PRO 


H 


176 


o 


PRO 


H 


176 


CB 


PRO 


H 


176 


CG 


PRO 


H 


176 


CD 


PRO 


H 


176 


N 


VAL 


H 


7 70 

178 


CA 


VAL 


it 
H 


7 70 
178 


C 


VAL 


H 


7 TO 

178 


o 


VAL 


H 


178 


CB 


VAL 


H 


178 


CGI VAL 


H 


178 


CG2 


VAL 


H 


178 


N 


LEU 


H 


179 


CA 


LEU 


H 


179 


C 


LEU 


H 


179 


o 


LEU 


1 1 
n 




CB 


LEU 


LI 

H 


2.7 S 


CG 


LEU 


u 
H 


J./» 


COl 


LEU 


H 


179 


CD2 


LEU 


LI 

H 


179 


N 


GLN 


it 
H 


ISO 


CA 


GLN 


H 


180 


C 


GLN 


H 


1 Oft 

ISO 


o 


GLN 


u 
H 


1 Oft 

180 


CB 


GLN 


H 


1 Oft 

180 


CG 


GLN 


H 


180 


CO 


GLN 


H 


180 


OE1 GLN 


H 


180 


NE2 


GLN 


H 


180 


N 


5ER 


H 


181 


CA 


SER 


H 


181 


C 


SER 


H 


181 


o 


SER 


H 


181 


CB 


SER 


H 


181 


OG 


SER 


H 


181 


N 


SER 


H 


182 


CA 


SER 


H 


182 


C 


SER 


H 


182 


o 


SER 


H 


182 


CB 


SER H 182 


OG 


SER H 


182 


N 


LEU 


H 


184 


CA 


LEU 


H 


184 


C 


LEU 


H 


184 


o 


LEU 


H 


184 


CB 


LEU 


H 


184 


CG 


LEU H 184 


CD1 


LEU 


H 


184 


CD2 


LEU 


H 


184 


N 


SER 


H 


186 


CA 


SER 


H 


186 


C 


SER 


H 


186 


o 


SER 


H 


186 


CB 


SER 


H 


186 



pig 



lb heavy 
•38.866 
-27.214 
-26.383 
-26.476 
-27.S38 
-26.758 
-26.259 
-24.971 
-27.079 
-24.497 
-26.595 
-25.300 
-25.360 
-25.321 
-26.377 
-26.508 
-23.910 
-23.083 
-24.018 
-28.150 
-27.623 
-28.654 
-29.868 
-27.441 
-26.426 
-28.744 
-28.110 
-28.876 
-29.097 
-28.187 
-28.076 
-28.702 
-29.897 
-27.587 
-30.365 
-30.821 
-30.787 
-30.630 
-32.233 
-32.316 
-33.725 
-34.406 
-34.230 
-30.940 
-30.945 
-32.113 
-31.965 
-30.979 
-31.812 
-33.258 
-34.325 
-33-959 
-34.562 
-35.556 
-35.104 
-33.775 
-34.278 
-33.314 
-32.549 
-35.675 
-36.724 
-37.909 
-37.141 
-32.310 
-32.755 
-31.701 
-30.521 
-32.916 



chain 
19.018 
30.210 
29.122 
27.831 
27.522 
28.815 
29.899 
29.801 
30.977 
30.807 
31.980 
31.901 
27.078 
2S.723 
24.835 
24.942 
25.305 
26.S59 
27.503 
21.582 
20.460 
19.371 
19.553 
20.749 
21.863 
21.171 
18.208 
17.011 
16.527 
16.399 
16.026 
14.674 
14.757 
13.805 
16.320 
15.886 
14.360 
13.675 
16.463 
17.984 
18.562 
18.608 
19.012 
13.7S3 
12.305 
11.663 
10.542 
12.001 
12.915 
12.324 
11.787 
11.687 
10.902 
12.654 
13.995 
14.556 
15.749 
16.869 
16.765 
15.980 
14.864 
15.249 
14.621 
21.176 
22. 411 
23.450 
23.102 
22.306 



74.873 

70.335 

70.813 

69.986 

69.409 

72.248 

73.148 

73.645 

73.458 

74.468 

74.294 

74.800 

69.878 

69.318 

69.977 

71.200 

69.595 

69.637 

70.334 

71.822 

72.565 

72.365 

72.269 

74.109 

74.326 

74.737 

72.193 

72.085 

73.522 

74.348 

71.278 

71.023 

70.074 

70.469 

73.815 

7S.111 

75.199 

74.180 

75.292 

75.105 

75.115 

74.093 

76.261 

76.391 

76. S49 

75.787 

75.300 

78.067 

78.815 

75.579 

74.720 

73.227 

72.497 

74.850 

74.772 

71.267 

70.637 

71.000 

71.956 

71.168 

71.080 

71.922 

69.658 

71.626 

72.223 

71.937 

71.874 

73.718 
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